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The elecirical conductivity ol lasmas and S
iue to different scattering processes aas keen much discusse
in the 1iterature<l>. The starting soints of these discuss
are: the conductivity disgcrsion has (i) a2 Maxwellian energy
c¢istribution and (ii) a power functional dependence of the
relaxation time (7)) on the eunergy parameter ¢ .
o
¢ o= HVA/ZRT, where m is the electron mass, and v 1s the
2lectron velocity with respect to tae lattices or impurity
centers in the case of semiconductors, and to the ions or
amoclecules in the case of ionized plasma. Writing explicitliy
T = A € P, (1)
vhere p is the power and the coefficient Ap is independent
of € but may depend on the temperature.
. X : :
The complex conductivity, o , with Maxwellian energy
distribution in the so-called relaxation time approximation,
an be expressed as,
e (w) 2e?n 7 T € 2 o =€ /
= { s
N 3ATn J l+1iws et
o
wiere n is the density of the electirons, and & 1s the
Zrequency of the applied eleciric field.
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Substituting the relacion (L) iatec (Z2). the frequency
/9)

dependence of the conductiviiy con 2e evaluated . The

mathematical tables for the evaliuzition are given by Dingle
[

2t al, t8)

J.

Now, Zin some physical processes, instead ¢f the relatioa
given by EZguatior (1), we have,
T =T _e" . ()
C
This relation is known as Arrhenius ecguation. It has been
well-establisihred in the tThermodynamical acitivation processes,
int

nd in the chemical reaction rate processes. I1I we
duce this relation into Ecuation (2}, we have a model of
the electrical conductivity of plasmas and semiconductor

/ﬁ
5 . . o .. . . \
Tor which the nature of the dispersion is not known )o

In the present paper,

mathemztical calculation of the conductivity of this thermo-

rovreseyen 5 rvies B vn 3 3 - “ ~ ~Ff +h I3 o=

cynarical model. Second, the nature of the distribution of
. e & SR G5 s Ty gl T Aty

relaxation times will be discussed. Finally, the transient
o ot 5 o ~ —-— o -2 P b~ - — - 37 T~ =

cime characteristics of this medel will be presented.

2. Conductivity Integrals

o

ct

Denoting by k/< the coeiffic ent o the integral in
e o

x

nto the real and tThe

[=h

i
Ecuation (2)., we have, separating &
“ 3 9 § < b=

imaginary parts,

&% (w) = & i T(®) - 1Ty (®) , (43
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where the T functions are,
o < 3/2
m N - e y o £~
Talw) = . S - (3a)
1 1 4 L 4 edc' b
o) - T o
:": PISN oad —‘-s’ 03/2
(0) = | —~2 E dg (5D)
*2 : T8 BE © >
< 1+ < e
Q,

The T1 integral is the familiar Fermi-Dirac inztegral,
therefore, its analytical nature is known and its numerical
i ; S . .
table exist ( ), To our knowledge, T, integral cannot be

related to special functions. Therel
is carried out on T ult is given in
T, (@) is

res and in the

F_.l

a
Figure 1, with numerical values given in Table
also recalculated and included in the figu

table for completeness.

Asymptotically, when w7 gis very large, we have, by

neglecting 1 in the denominator oi the integral,

~5/2 _ :
T, (o)~ 2 T2 (o) 2, (62)
T, (@)~ T (5/2) (@7) % (6D)

When @w Vo 1is very small, asymptotic behavior can be
obtained from a steepfﬁescenﬁ method of Sommerfeld and
Bethe(6), and well illustrated by Seitz(7). The result 1is,

/2 [ 3 9 =
T, (w)~ 2/5 (log l/wto) § (log /oo )° + /8, (7]
=18 {50 52 L2 o T
T, (@~ (log 1/w 7o) L £(log /W T0) " + B/uj " 7o)
&
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The evaluation of Tl is almost identical to the example of
Seitz(’?)‘ The coefficients A and 3B of T2 are the following b
cdefinite integrals:
=271 -
s - AQ-e e (82) 3
= w5 dn Sa ¥
_.g (1 +e 7207 e
o0 =27 -7
T - & : c ! 3 QA
B r i (1 -221 bz a T‘ s (OD)
J (1 + e )
- 00
with e~ '= w7 e® ., From the integration table we have
= n i 1 NE;
A= 22 (-1 (a+ 5 — e |
1 =16 © (2n+1) +3)“ |
a1
= 2§ (-1
n=o0 2n + 1
(8a)
= /2,
o n r i 1 g
B = 2V Y (D @+ D { . |
. (2n+1) (2n+3)~ |
0 .\n
= 125 (-1)
g
n=o0 (2n+1)
VRS
= 3/ T .

Ty =y TTrE—




Therefore, both Tl and T, diverge as the Ifrequency
approaches zero. In nore
by Lorentzian dispersions (ccrrespondin

o in Equation 1), the correspondi

PS

p = i S
at w = 0 and decreases mOﬁOtOﬂ*Cullj to T, = 0 as W ~yw .

del
. 1€)) i
condauctor / and in the case oI large deviation of the
; et - e . . 6)
phonon distribution from eguilibrium in metals .

3. Distribution Function of Relilaxation Tines

he basis of the distribution function G( T), of
(10)

. " - * s 4
relaxation times, T , is , for the T function of (4)

the following integral equation:

It

T (w) T, @ - 1T, (@

~
9]
~/

Makin Acomoa*lson between (9) and (2), we can interpret
the present thermodynamical model in the formalism of the

distribution funectiocn oI relaxation Times. Ye have, with (3)
2

)
G (7) = 22 (log T 32 sop oz,
. ‘.0
= o for 77T (10)
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A graph of G (7T) is given in Figure 2. We note some special
properties of G (%):

(1) G (1) has a cut-off relaxation time below which,
there 1s null distribution;

(ii) G (t) is asymmetrical with respect to log T;

(iii) G (7) approaches zero slowly as T approaches

infinity.

The slowness of'approaching zero is responsible for the
divergence of conductivity at the zero frequency and the

non-normalizability of G (¥) -- i.e., normalization in the

As can be proved, when the range of relaxation time
is from 0 to », (instead of the
the corresponding dispersion function be finite, G (v) should

apporoach zero faster than 7 when < approaches zero, and faster

. -1 P
chan % when T approaches infinity.
The above remark is well illustrated by the distribut
4
<

. P . 3 11 T i
function of Davidson and Cole ( ), and its modified form .

’
>

. Decay Function

For experimental application, sometimes it is convenient
to determine the relaxation characteristics from the transient
time of the decay of the conductivity instead of from its
frequency dispersion. Mathematically, this decay function,

. - N - 13
can be obtained from the Laplace transform of G (7):( )

1 372 4
A (%) = j (tog 1/s) < & %/zg S N -
C
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5. Ccnciusions

A conduetivity disporsion model with
+1 3

relation between the relaxation time and

- 3

ically, ana some

a thormodynamical
energy analytical

i T ramae 1 ~ 3
matahnematical

discussed. With

results, it would be possible to

ntal results of conductivity

211 the numerical computations.
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or plasmas; see, for example, Allis,
Springer-~Verlag, Berlin 1638, Vol, 21, p. 413. For
Semiconductors, see; for example at

State Physics, Academic Press, N.Y. 1855, Vol. 4, p. 199.
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